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(54) ANALYSIS METHOD, INSTRUMENT, AND KIT FOR VANADIUM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an analysis 
method, instrument, and kit for vanadium, the user of 
which can easily analyze a sample for vanadium to a 
trace quantity level with high accuracy in a short time, 
without using any special expensive instrument at a 
location where the user desires to analyze the sample. 
SOLUTION: The user carries the analysis kit 1 to a 
location, where the user wants to analyze a sample for 
vanadium and obtains a reactor 6 by opening a column 2, 
by cutting off both end sections of the column 2 at the 
location. Then the user introduces sample water to the 
reactor 6 through a sample water inlet path 1 1 and 
makes the water to flow down through the reactor 6. 
When the sample water is brought into contact with a 
cation exchange resin 3 in this manner, the resin 3 
reacts with the water and is discolored, to form a 
discolored layer 14. The user finds the length of the 
discolored layer 14, by reading the length from the 
discoloration starting point 1 6 to the discoloration 

ending point 17 on a scale and determines the quantity of the vanadium, by finding the vanadium 
concentration corresponding to the length of the discolored layer 14 from a standard curve 
plotted in advance. 
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* NOTICES * 



JPO and NCIP1 are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Analytical method of vanadium including the reaction process to which contact sample 
water and cation exchange resin, and they are made to react, and the detection process which 
makes an index change of the color of the cation exchange resin contacted in sample water, and 
detects vanadium. 

[Claim 2] Analytical method of vanadium including the reaction process to which contact sample 
water and cation exchange resin, and they are made to react, and the quantum process which 
makes an index the shade of the color of cation exchange resin contacted in sample water, and 
carries out the quantum of the vanadium. 

[Claim 3] Analytical method of vanadium including the quantum process which lets sample water 
flow in the column with which it filled up with cation exchange resin, makes an index the die 
length of the resin layer of the reaction process to which contact sample water and cation 
exchange resin, and they are made to react, and the cation exchange resin from which the color 
changed in the column, and carries out the quantum of the vanadium. 

[Claim 4] Analytical method according to claim 1 to 3 whose degree of cross linking cation 
exchange resin is 8% or less of cation exchange resin. 

[Claim 5] It is the analysis apparatus of the vanadium which is that with which it has the reactor 
to which contact sample water and cation exchange resin, and they are made to react, and 
change of the color of the cation exchange resin in a reactor can judge this reactor with viewing 
or a colorimeter to be. 

[Claim 6] It is the analysis apparatus of transparent vanadium so that it may have the reactor 
with which the column was filled up with cation exchange resin and change of the color of filled 
cation exchange resin can judge said column with viewing or a colorimeter. 
[Claim 7] The analysis apparatus according to claim 6 by which the graduation which measures 
the die length of the resin layer of the cation exchange resin from which the color changed is 
formed in the column. 

[Claim 8] It is the analysis kit of vanadium with which it is the analysis kit which consists of a 
reactor with which the column was filled up with cation exchange resin, said column is 
transparent so that change of the color of filled cation exchange resin can judge with viewing or 
a colorimeter, and both ends are taken up. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the analytical method, analysis apparatus, and 

analysis kit of the vanadium which is a useful metal. 

[0002] 

[Description of the Prior Art] Vanadium is a useful metal, and in order to carry out recovery 
utilization of the vanadium, it is important to get to know whether vanadium is contained in 
sample underwater. Moreover, it is known that vanadium is contained in some underground 
waters, well water, and natural water comparatively so much although it is the level of mug/L 
concentration. 

[0003] Conventionally, as an approach of analyzing underwater vanadium on the level of mug/L 
concentration, after condensing by 1 solvent extraction or chelating resin, the approach of 
measuring with the approach of measuring with an atomic absorption measuring device, the 
ICP/MS equipment for 2 microanalyses (RF inductively coupled plasma / mass spectroscope), or 
liquid chromatography etc. is learned. 

[0004] However, there are the following troubles in the above-mentioned conventional analytical 
method. 

1) Since concentration actuation is required, an analysis result cannot be taken out in a short 
time. 

2) An atomic absorption measuring device, ICP/MS equipment, and expensive and large-sized 
equipment like liquid chromatography are required, and the skilled equipment operation is 
required 

3) Since it is necessary to bring home and measure a sample, a measurement location is limited. 
[0005] 

[Problem(s) to be Solved by the Invention] Without using special and expensive equipment, in 
order to solve the above-mentioned conventional trouble, the technical problem of this invention 
is highly precise simply in a short time in a location to analyze, and is offering the analytical 
method, analysis apparatus, and analysis kit of the vanadium which can analyze vanadium to 
minute amount level. 
[0006] 

[Means for Solving the Problem] This invention is the analytical method, the following analysis 
apparatus, and following analysis kit of vanadium. 

(1) Analytical method of vanadium including the reaction process to which contact sample water 
and cation exchange resin, and they are made to react, and the detection process which makes 
an index change of the color of the cation exchange resin contacted in sample water, and 
detects vanadium. 

(2) Analytical method of vanadium including the reaction process to which contact sample water 
and cation exchange resin, and they are made to react, and the quantum process which makes 
an index the shade of the color of cation exchange resin contacted in sample water, and carries 
out the quantum of the vanadium. 

(3) Analytical method of vanadium including the quantum process which lets sample water flow in 
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the column with which rt filled up with cation exchange resin, makes an index the die length of 
the resin layer of the reaction process to which contact sample water and cation exchange resin, 
and they are made to react, and the cation exchange resin from which the color changed in the 
column, and carries out the quantum of the vanadium. 

(4) The above (1) whose degree of cross linking cation exchange resin is 8% or less of cation 
exchange resin thru/or analytical method given in either of (3). 

(5) It is the analysis apparatus of the vanadium which is that with which it has the reactor to 
which contact sample water and cation exchange resin, and they are made to react, and change 
of the color of the cation exchange resin in a reactor can judge this reactor with viewing or a 
colorimeter to be. 

(6) It is the analysis apparatus of transparent vanadium so that it may have the reactor with 
which the column was filled up with cation exchange resin and change of the color of filled cation 
exchange resin can judge said column with viewing or a colorimeter. 

(7) The analysis apparatus of the above-mentioned (6) publication by which the graduation which 
measures the die length of the resin layer of the cation exchange resin from which the color 
changed is formed in the column. 

(8) It is the analysis kit of vanadium with which it is the analysis kit which consists of a reactor 
with which the column was filled up with cation exchange resin, said column is transparent so 
that change of the color of filled cation exchange resin can judge with viewing or a colorimeter, 
and both ends are taken up. 

[0007] An oxidation number is vanadium of +V ** and the vanadium set as the analytic object by 
this invention is vanadium usually underwater ionized with the gestalt of V03+ or V02+. By 
acjjusting the oxidation or pH by ozone, an oxidation number can change vanadium other than +V 
** into +V **, and can present analysis of this invention with it. As ai concrete thing of the 
sample water with which analysis is presented, an underground water, well water, natural water, 
service water, the wastewater discharged from the system which uses a vanadium catalyst are 
raised with this invention. As for the sample which there are a thing dissociated to a cation 
according to pH and a thing to dissociate to an anion in the vanadium compound used as a 
vanadium catalyst, and contains such a vanadium compound, it is desirable to adjust pH to 
acidity and to present analysis of this invention after changing into the form of vanadium acid. 
[0008] The shape of a grain and the gel cation exchange resin which are generally used in fields, 
such as a chemical analysis and water treatment, can be used for the cation exchange resin 
used by this invention. The copolymer of styrene and a divinylbenzene is used as base resin as a 
concrete thing of cation exchange resin, and the cation exchange resin which attached the 
cation exchange radical to styrene is raised. Such cation exchange resin is usually light yellow. 
There are strong acid nature catibn exchange resin which attached the sulfcme radical as a 
cation exchange radical, weak acidic cation exchange resin which attached the carboxylic-acid 
radical as cation exchange resin, and all are usable. When using it for analysis, it is desirable to 
use it in H form. Cation exchange resin can also use a commercial item. 

[0009] A divinylbenzene serves as a cross linking agent, a bridge is constructed over the chain 
structure, and, as for the aforementioned base resin, the resin of the network structure is 
formed. There is so much branching of a chain that there are many divinylbenzenes, and it 
becomes dense structure, and if there are few divinylbenzenes, resin with a large mesh with little 
branching will be obtained. The rate (% of the weight) of the charge of a divinylbenzene to all 
brewing monomers is displayed as the degree of cross linking. As for the resin used for the usual 
water treatment, the degree of cross linking is called standard bridge formation resin at about 8%. 
As for the cation exchange resin used by this invention, it is desirable for the above-mentioned 
degree of cross linking to use 2 - 8% of cation exchange resin preferably 8% or less. Since in the 
case of such a degree of cross linking it is easy to react when cation exchange resin contacts 
vanadium, and it is easy to color for this reason (discoloration), analysis of high sensitivity is 
more possible. 

[0010] In the analytical method of this invention, it is desirable to establish an oxidation process 
as pretreatment of a reaction process, to contact sample water and ozone by blowing ozone into 
sample water etc., and to oxidize the vanadium of sample underwater +11 - +1V ** etc. to the 
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vanadium of +V **. Next, sample water and cation exchange resin are contacted and are made 
to react as a reaction process. Especially the contact approach of sample water and cation 
exchange resin is not restricted, but the approach of making cation exchange resin immersed in 
the sample water in 1 reactor, and stirring, the method of letting water flow and contacting 
sample water to the reactor which filled up two columns with cation exchange resin, etc. are 
raised. In the case of the approach of the above 1 , the existence of vanadium is easily 
detectable only by making cation exchange resin immersed in sample water in the reactor which 
can judge change of the color of cation exchange resin, for example, a transparent reactor. 
Moreover, the shade of the color of cation exchange resin can be made into an index, and the 
quantum of the vanadium can also be carried out easily. In the case of the approach of the 
above 2, the die length of the resin layer of the cation exchange resin from which the color 
changed can be made into an index, and the quantum of the vanadium can be carried out easily. 
[001 1] As for the column filled up with cation exchange resin, it is preferably desirable that it is 
1-8mm the bore of 1-50mm. A column can also make small the bore or outer diameter near an 
edge of one side or both. As for the die length (thickness) of the resin layer of the cation 
exchange resin with which the column was filled up, it is preferably desirable that it is 50-1 50mm 
20-300mm. A column uses the transparent thing which can check change of the color of filled 
cation exchange resin. By using such a transparent column, change of the color of the cation 
exchange resin in the condition of having filled up can be judged with viewing or a colorimeter. It 
is desirable to specifically use transparent glass or the column made of resin. Moreover, it is 
desirable to form the graduation which measures the die length of the resin layer of the cation 
exchange resin from which the color changed to the column. 

[001 2] Turbulence of the resin layer of the cation exchange resin with which the column was 
filled up can be prevented, or since runoff of cation exchange resin is prevented, it can be filled 
up with fibrous objects, such as glass wool, or a perforated plate can also be prepared. Moreover, 
a column can take up both ends with the condition of having been filled up with cation exchange 
resin, and can also be enclosed like a gas detector till an activity. In this case, it can be suitably 
used as an analysis kit which can be carried, in case it is used for analysis, opening of both 
edges can be cut and carried out, and the inlet for sample water installation and opening of 
another side can be used for analysis for one opening as an exhaust port for blowdown. 
[0013] As for the water flow rate in the case of letting water flow in a column, it is usually 
desirable as a space velocity (SV) to consider as 2 - 20 L/L-Resin/hr preferably 0.5 to 50 L/L- 
Resin/hr. 

[0014] As for pH of the sample water contacted to cation exchange resin, acljusting to 2-3 is 
[ three or less ] preferably desirable. Although acids, such as a hydrochloric acid, a sulfuric acid, 
and a nitric acid, can usually acjjust pH, alkali can also be used depending on the case. Moreover, 
it is desirable for pH after H form cation-exchange-resin water flow to be 2-3 preferably three 
or less. Since it is easy to react when cation exchange resin contacts vanadium and easy to 
color for this reason when pH of sample water is such pH (discoloration), analysis of high 
sensitivity is more possible. As for the temperature of sample water, it is preferably desirable 
that it is 20-40 degrees C 0-60 degrees C. 

[0015] By contacting sample water and cation exchange resin by the above approaches, the 
vanadium and cation exchange resin in a sample react, and the color of cation exchange resin 
changes (it discolors). Water flow of acid sample water changes the color of resin to a purplish 
red color thru/or dark reddish-brown after water flow. If it lets the water solution of salts, such . 
as NaCI, NaHC03, and a NaOH water solution, or an alkali compound flow after water flow 
termination, since coloring will become more clear, it is desirable although it lets the water 
solution of a salt or an alkali compound flow. Although the concentration of a salt or an alkali 
compound is not restricted, about 1 % of the weight is desirable. Change of the color of resin can 
be easily judged or checked by viewing. Moreover, it can judge easily with a colorimeter. When 
vanadium is not contained in sample underwater, there is no change of a color in cation 
exchange resin. Therefore, at a detection process, when change of the color of cation exchange 
resin can detect vanadium and the color of cation exchange resin changes, it can be analyzed as 
vanadium being contained in sample underwater. 
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[0016] Moreover, at a quantum process, the quantum of the vanadium can be carried out by 
measuring with a colorimeter the shade of the color of cation exchange resin contacted in 
sample water. Namely, since vanadium concentration is proportional to the shade of the color of 
cation exchange resin, the quantum of vanadium is possible for it by making cation exchange 
resin discolor using the vanadium content water of concentration known, creating beforehand the 
standard curve which shows the relation between vanadium concentration and the shade of a 
color by measuring this color with a colorimeter, measuring the color of the cation exchange 
resin at the time of letting sample water flow with a colorimeter, and asking for the vanadium 
concentration corresponding to this measurement value from a standard curve. 
[0017] Moreover, when the reactor which filled up the column with cation exchange resin is used, 
the quantum of vanadium is possible by finding the die length of the resin layer of the cation 
exchange resin from which the color changed. Namely, since vanadium concentration is 
proportional to the die length of the discolored resin layer, the quantum of vanadium is possible 
for it by making cation exchange resin discolor using the vanadium content water of 
concentration known, creating beforehand the standard curve which shows the relation between 
vanadium concentration and the die length of the resin layer of the discolored cation exchange 
resin, measuring the die length of the resin layer at the time of letting sample water flow, and 
asking for the vanadium concentration corresponding to this die length from a standard curve. 
[0018] If the column with which the graduation was formed is used when carrying out the 
quantum of the vanadium by the above-mentioned approach, the die length of the resin layer 
from which the color changed can be measured easily. For example, if it lets sample water flow 
by the bottom counterflow, since the color of the upper part of a resin layer will change, a 
graduation is read, the die length of the resin layer from which this color changed is measured, 
and it asks for vanadium concentration from a standard curve. When the color of the whole resin 
layer changes, a reactor with many amounts of resin with which diluted sample water or it was 
filled up is used. Moreover, the color of a resin layer may be thin at the reasons nil why the 
water flow rate of sample water is quick in there being little sample underwater vanadium etc. In 
such a case, the quantum of vanadium is possible using the standard curve which shows the 
relation between the vanadium concentration which measured the shade of a color using the 
colorimeter and was created beforehand, and the shade of a color, the above analytical method - 
- vanadium — up to the level of the minute amount of ppb (mug/L) concentration — easy — 
high sensitivity — quality — or a quantum can be carried out. 

[0019] Although the reason these react and the color of cation exchange resin changes when 
vanadium and cation exchange resin contact is not clear, if vanadium and cation exchange resin 
contact, a part of resin parent or exchange group will be cut by vanadium, and it is surmised 
whether does vanadium combine with this cut location and resin colors (discoloration). 
[0020] 

[Effect of the Invention] Without using special and expensive equipment, since sample water and 
cation exchange resin are contacted, change of the color of cation exchange resin is made into 
an index and vanadium is analyzed, easily [ in a location to analyze / in a short time ], the 
analytical method of the vanadium of this invention is highly precise, and can analyze vanadium 
to minute amount level. Without using special and expensive equipment, since the analysis 
apparatus of the vanadium of this invention is equipped with the reactor to which contact sample 
water and cation exchange resin, and they are made to react and this reactor can judge change 
of the color of cation exchange resin, easily [ in a location to analyze / in a short time ], it is 
highly precise and vanadium can be analyzed to minute amount level. Easily [ since the analysis 
kit of the vanadium of this invention consists of a reactor with which the transparent column 
was filled up with cation exchange resin and the both ends of a column are taken up / carrying is 
possible, and / without using special and expensive equipment by using them in a location 
analyzing, carrying out opening of the ends of a column / in a location to analyze / in a short 
time 1 it is highly precise and vanadium can be analyzed to minute amount level. 
[0021] 

[Embodiment of the Invention] Next, a drawing explains the analytical method, analysis 
apparatus, and analysis kit of vanadium of this invention. The front view in which drawing 1 



http://www4.ipdl.ncipi.go jp/cgi-bin/tran„web„cgLejje 



2005/12/09 



shows the analysis kit of the vanadium of this invention, and drawing 2 are front views when 
analyzing vanadium using the analysis kit of drawing 1 . 

[0022] In drawing 1 , 1 is an analysis kit, 2 is a column, a column 2 is filled up with cation 
exchange resin 3, and the resin layer 4 is formed. A column 2 can view the interior by glass 
[ transparent ]. Moreover, the graphic display is omitted although the graduation is formed in the 
column 2. The upper part and the lower part of the resin layer 4 are filled up with glass wool 5. 
The bore the upper part of a column 2 and near the lower part is small, both edges are plugged 
up, and cation exchange resin 3 is in the condition of having been enclosed. This analysis kit 1 is 
small and can be carried. 

[0023] In order to analyze vanadium using the analysis kit 1 of drawing 1 , the analysis kit 1 is 
carried to a location to measure, and as the location shows to drawing 2 , opening of the both 
ends of a column 2 is cut and carried out. The analysis kit 1 which carried out opening is used as 
a reactor 6. Next, the sample water preferably ac{justed to 2-3 three or less pH is introduced 
into a reactor 6 from the sample water installation way 1 1 , and it lets water flow by the bottom 
counterflow, and discharges from the passage water exhaust passage 12. In this case, it is 
desirable to contact sample water and ozone, before carrying out pH adjustment, and to change 
vanadium into +V **. 

[0024] Thus, if sample water and cation exchange resin 3 are contacted, the color of cation 
exchange resin 3 will change and, as for the upper layer 13 of the resin layer 4, the discoloration 
layer 14 will be formed. The color of a lower layer 15 does not change. It lets water flow further 
and the water solution of salts, such as NaCI, NaHC03, and a NaOH water solution, or an alkali 
compound is made to color more clearly after water flow termination. Then, the die length of the 
discoloration layer 14 is found by reading the die length from the discoloration start point 16 to 
the discoloration terminal point 17 in the graduation in which it was prepared by the column 2. 
Next, it asks from the standard curve which created beforehand the vanadium concentration to 
the die length of the discoloration layer 14, and the quantum of the vanadium is carried out. 
[0025] Thus, without using special and expensive equipment by analyzing vanadium, easily [ in a 
location to analyze / in a short time ], it is highly precise and vanadium can be analyzed to 
minute amount level. 

[0026] Drawing 3 is the schematic diagram of the analysis apparatus of the vanadium of an 
operation gestalt, and is an example in the case of using an aspirator for the reactor 6 of drawing 
2 , and letting sample water flow by the top counterflow. In the case of drawing 3 , by drawing in 
with an aspirator 21, sample water 1 1a in the sample tub 22 can be introduced into a reactor 6 
from the sample water installation way 11, and it can analyze by the same approach as the case 
of drawing 2 except letting water flow by the top counterflow. 

[0027] Drawing 4 is the schematic diagram of the analysis apparatus of another operation 
gestalt, and is an example in the case of using a pump for the reactor 6 of drawing 2 , and 
pouring sample water into it. Also in drawing 4 , sample water 1 1a in the sample tub 22 is poured 
into a reactor 6 from the sample water installation way 1 1 with a pump 23, and it can analyze it 
by the same approach as the case of drawing 2 except letting water flow by the sideways style. 
[0028] 

[Example] Next, the example of this invention is explained. 

The underground water at the foot of Fuji was used as example 1 sample water, the vanadium 
concentration in this underground water — liquid chromatography — separately — a quantum - 
- carrying out — a place — 8microg/L — it was . This underground water was diluted with pure 
water, or the meta-vanadium acid potassium (reagent) was added, and the sample water whose 
vanadium concentration is four kinds, 2, 5, 10, or 20microg/L, was prepared. In addition, the pure 
water which does not contain vanadium was used as control. Next, it let the above-mentioned 
sample water flow the following condition to the reactor 6 of drawing 2 , and vanadium was 
analyzed. A result is shown in a table 1. 

[0029] Restoration cation exchange resin: The thing, 6%, amount:of H form restoration resin2.5ml 
column dimension:bore [ of 4mm ], and amount of degree-of-cross-linking = die-length water 
flow of 20mm:1 000ml water flow rate:0.5 ml/min (SV=12 L/L-resin / hr) to which the copolymer 
of the Bayer make, Lewatit monopulus S100 (trademark), styrene, and a divinylbenzene was used 
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as base resin, and the cation exchange radical was attached to styrene 

vanadium concentration [ of sample water ]: — pH: of the conductivity:200microS/m sample 

water of 0 ? 2, 5, 10, or 20microg/L sample water — judgmentrviewing [0030 of change of the 

color of the bottom counterflow restoration resin of pH:2.3 - 3.0 water-flow direction: of the 

sample water after temperature:18-22-degree-C water flow of 2.8 - 3.0 sample water — ] 

[A table 1] 
SM 









(mm) 


0 


0 j 


2 


1 


5 


2. 5 


1 0 


5 


20 


1 0 



[0031] Although vanadium concentration did not discolor control of zero so' that the result of a 
table 1 might show, with the sample water containing vanadium, vanadium concentration was 
proportional to the die length of the discolored cation .exchange resin. Therefore, the quantum of 
vanadium is possible by creating the standard curve which plotted vanadium concentration and 
the die length of the discolored cation exchange resin. Moreover, the easy equipment which can 
be carried shows that analysis of vanadium can be performed. In addition, the boundary of the 
discolored cation exchange resin and the cation exchange resin which has not been discolored 
was clear. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the front view showing the analysis kit of the vanadium of the operation gestalt 
of this invention. 

[Drawing 2] It is a front view when analyzing vanadium using the analysis kit of drawing 1 . 
[Drawing 3] It is the schematic diagram showing the analysis apparatus of the vanadium of the 
operation gestalt of this invention. 

[Drawing 4] It is the schematic diagram showing the analysis apparatus of the vanadium of 
another operation gestalt of this invention. 
[Description of Notations] 

1 Analysis Kit 

2 Column 

3 Cation Exchange Resin 

4 Resin Layer 

5 Glass Wool 

6 Reactor 

1 1 Sample Water Installation Way 

1 2 Passage Water Exhaust Passage 

1 3 Upper Layer 

14 Discoloration Layer 

1 5 Lower Layer 

1 6 Discoloration Start Point 

1 7 Discoloration Terminal Point 

21 Aspirator 

22 Sample Tub 

23 Pump 
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i**4*£ SMS ^* ^£!fc8!fli©fe©£[fc*fiti 
A©##r:fr£. 

[Ig5jaS2] i^*£*?*>£i^Bl<!:*igS*3-ti- 

«: L X * * V><y A £5£S-f SSgSXII i 4 £tf *-s? 
CfflWS93) #^*>£^Bia^»<*ftfc27 7AK: 

# t A* -efe&sgtfb l/fc* ^tf >g8s#ifl§©iJfiiJi©:& 

$ oT^tyc A*5£sf*5gsxn<fc 
<D*?*>3a^at-r*?.it^a i & 3 ©<,>-rn#» 

[18^6) *7A«:*^*>5!MBI^3(E«$nfc 

ttia*^A«^«ufc*^*>^gissBg 

©g s &«iB£-r * 9& 9 * J * 5 a icm » h nt t ^it* 
[it*®8] *7A(c*^*>saft<ssg*i3ftttsn/t 

bfc* >£&8!Bi©fe©^b&*Bm* fc«fe^ft«C 

[MiMNKtM] 
[000 1] 

[0002] 

T*, ^TKCCtt. *ig/L?Sa©U'<^-C« 

[0 00 3] §e*. S^A^Mff/LiSK© 
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2) S&S#flrfl! I CP/MSSl (KJI&gtaS*S£?7 

[0004] u#>u. ±mmk<D^m^mx\fA<oj:^ 
anas***. 

10 2 ) J@H=-R3fc»!5£S£a. ICP/MSJ®. Ifti'av 

3) i^4#£&oTi!j;£^&dSg#i&&rt:is!>, 8>J5©g 
[0005] 

[^w^ti^i-rs^] &&w<oi&m\*. Jbte 

20 #5^^->A©»*f^ ^tJfStmScfcD^*? h 
[0006] 

[ss®€:»i^-rsfc6t)©*©] *jw«»<!)/<tj;(ii 

Biwfew^t^fi^Kiy-c/^^^A^m-rs^ajx 
(2) f^*£*^*>£j^fli<t££jS4$ttTi5^ 

30 ^-ttSSJ&XSi. ^f4*iS^S-&fc*^*>J5^ 
Bi©fe©?g^«:fi^«: bX'O-W A€:SS:-r SJgffiX 

( 3 ) * >3^^f **fc«S*i7t# 5 AtciSf4* 

jS*-&SSJ£Xig<t. *-7A*-Cfe*l^<ttfc*^*> 
£&«M§©lSSBi®©fi S £^«Jtc b-T V <1 A 

-r-s^axsi fcigftf ^<D^m^m. 

(4) *^^>5^8}fl|3W. 5?ffiSAi8%«T©*f- 

*>safeWi-c*5JbiB (i) «cc»K3> ©^-rn*> 

40 KS«g©^tFf^&, 

( 5 ) tm* t*** s&mim t s -a-cstr. 
zazBt&mz®*.. c©gjtmsj5jLifi#©#^*> 

5£fe^BI©fe©^{fc*s aw* «fe^tt«: .t n » 

(6) *?A«:*^*>^^i*sjfe«$nfcSl*S 

^•2>/^^'?A©^W«S. 

(7) feds^tLyt^^^^^gStUBfWftJBfSWSS 
50 *mj£fZ>E&')&*>?&lcmihtiX\,>Z>±$B. (6) 
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(8) #5Ate#?*>£^Hi**^SftfcEEo& 

[0007] *mi^&^tt&tts:&rt1-V>V Mtm 

O, * OB^XtH'PX * >{b 0 X t>S ^ -i> 

•S. Kfb&tf+Vffijy^^S^Att. sJ-Wtcj:* 

T#f&8©#ffiK{tt^£t<t#s-C&-&. *^"C^ftc 

«^£«f4*©JM*w&*>©£u-cw\ tar*. #f 
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9. C©«£5&^y?A<b^£^tJfim«:pH£® 

[0008] :*&$a^{&g^&#^*>£&(8fBgt*. ft 

-e&£. #^*>3S^Bi©J«*ttfcfe©<fcurtt;^ 

£'#&tf<=>n-&. c©£5fc#^*>£^Biw:ji?£& 
isXZK^mzttwcmEmijrx^t&miiz. 

[0009.] muvmmtm-tve~>\^^v>&3m 
mtt £ ->x. mmm#i%®2*ixmm®&<D®ji5ifi& 

f&Ztx*. y>l^;l/^>^>#gKHi£$S©#<&**£ 

©^&lMfflg©*tC>»!>5fS*>ftS. £{±i£*w- 
KttTS^tr-^-^^wtt&a©^ <ffis%> * s 

itm®mifi8%mixim?m®sstmitix^z>, # 
^p-cffiffl-r * * * * >£3mm*±ism®&t> i 8 x« 

T. »DH/<tt2-8%?)Wt>3^illSW5 
©#S*IA». t©<fc5&S?<8K©t§£. *^^>SEg% 

[ooio] *»^cD^^ffi-c«. kj&xh©^!! 
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+ II~+ IVf!©'^ %> K> A^£ + Vffi<D><1- V>+> A«C& 

. **>&mtmtzmm2-&xfx!&$&z>. tm*.±*> 

^*>&^BS£©«J^^*#KSMl®3ft-r> l)S 
^jSfe. 2) #7AK#**>£^BI*;£iabfcKJSg 

{cg3S»**ji*b-rSfii3 6ft*. 

JbiEl) ©#£©»©£. *^^>^<SBS<Dfe<D^t€r 

io ^*>^«B§*stss-t*i^ifc. ^i-w&c&nm 

CtkTS*. ±IB2) ©#&©t§l§\ fe*«^bLfc*7 
^*>3^»®B§©«SflI®©S$*}gS«:^-C. ><*5^ 

[0011] *^*>3^H»Bi*3fBW-r^* 5A«WS 
l~50mm> Sf*L<«l~8mm-C*€>©A«M*U 

3t7^A«-^r$yt«w*©^aH^fi©f*iS*?t«il- 

20 >£&®nn<0®mM ©^$ 0?;*)tt20~300m 
m, )f$t/<B50~150tnniT* S©*!* W>. 

* v A«3temi/ fc* * v^iesflgca©^^^^^ 
^T^citck"!). 3fc^sftfct^©# 

. flI©fe©^fc«:am^/cttfe^tfK:<J: ofn^-rsc i*i 

*<*WtCttjgK^^7^*/cttPBISI©*5A 

^^a-rs©* 1 ^*^!/^ sfc^^Afci*^ fe^-fbL 

30 [0012] ft7AK^« ufc* >S^1SBi©«Hi 
H©SLft£E*JhLft:D. ^^^V^^BS©^*?^ 
-TSfc*. ^7X^-;l-^i*©8KJt^«:3fiS*Lfc«3. 

«Bl*^«Ufc«®-CMSep*S^ ^^©©J:^ 

gp*sef4*^Affl©^AP, ■ffe^©ianfiP^^mffl©sf 

ffiPi hX 5ffiUC®m? h CtifiXZ z>. 
40 [0013] *7A{cjl*:-r5Jg^©3i*3lK«. 
jig (SV) iUralSO. 5~50L/L-Resi 
n/hr, »i;KB2~20L/L-Re s i n/h 
r t-T-5©*5|i*Ll,^ 

[0 0 14] ^^^-^^flBlcftftSSli-^sm*©? 
Htt3felT. »SU<»2~3«:p$|0-Cte<©*sSi* 

■5Cifc'Ct-&. *fcH»*^5}->Xg^}fllji*a©P 
H*53JWT> »*C<«2~3r*-S©5&5S*C^. K 
50 l**©pH*JC©J:5^pH-C*€.tB^. t>**>$& 
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^Bi*iA^»>->A<t«Ml/fcB{«:5l£L-?>T<. cote 
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^HJTSCi^t. #^#>£gmtBg©fea^bU 

too i 6} tfcmtiM-at. nm*±mt$ittc*} 
w a®s t t) * * >$jk®m<D&<Di38% t \tttm z 
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[0017] A«C#^*>£&8}Bl ; £:3fc*bfc 
©SiflgJI©^ £(C«fc 9. M^5?"5rA(Djea 

r^£^fel,fc#^*>«£gMSiBi©«&BtJl©63 £©W 

ftja^ownuioftd^iHSo, t©g3tc*ft&-rs/< 

tooi8] jjBxretw-s^At&Br***; a 

**T(Siss-cji*-r s i . 8}fliJi©_tgp©fe*^b-r * 
©-c. c©fe©£fbofc8MtJi©ss*. 
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«JBIJi^©fe^<br&^W:i^*£ifr&-f S*K 

O^ty-JA^frofcO. t#jsMc©iI*jIffi*$£t » 
^©S&rjaiflgJi©^}?^-^* 5 * 6. C ©<fc 9 ft® 

At y V Aiggr £&©*£*£ £©|8fli ; &7rT«igfflJgS:fU 
surety 9 A©j£S#Pjfire*£. ±IE©<fc5&# 

10 tifiXSZ. 

[ooi 9) ^^^^Ai*^3j->^gi^)j§i*s^-r 
5C tick 9ch%&m&l,r:ij**>&&®m<D&& 
SMbT£SS«§86*>-t?iJfct,:>**» JiTW&t*?* 

>$3mm tifitmr •& £ s> *> a o s«§s»* 
^^■?A*5^i,t:jsa§*J!tfe (^&) -r£©-e»&<,> 

[0020] 

[?693©$&*] *^?9©A^^^A©^^?£«. KI4 
©feo^^b^rJietcur/^P^A^wriWf. # 

A£#$r-r sc£#t?#&. *^©^*^-5>^a©^*t 

SttSRtfWIHf*.. C©J50£;gtt#^*>£&8ffli© 
fe©^b*sfiJ5Et?# -5 *>©-C* S©-C, 1$J*-ClSffi£:£S 

s*^-r -so <t& < . ^mutc^mrnxmrnixm^ 
^os^Msau^gT^j^Afc^-rs 

30 C£**-Ct-5. 3|s:^©M^-^<?A©^«f+'7 H*. 2 
^•J, *vA©p^gPt*S*$n-C(,^©-C. f^<5®t/pl 

66-c$>o, ^*fi/fc(,iti@f-c*7A©pi^=&P3nur« 

tl/^S HX-fis t> A^WT -S C <!: * 2. . 
[0 02 1 ] 

A©^*t^ fl«fSa*JJ:TO» hS:S&BJTS. 
40 0 1 Z>V A©^*r+ ^ h * nk-tJEWm . 

®2\m i ©»»t* v nm^x^i-^Ao^m^n 
^x\,>zt%<oiEwmx$>z>. 
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At?**), *7A2«:W*?*>3^}Bg3d9c»S 

XWiXtofflfimVLXSZ. $ttt>^A2i03.m^ l )ifiWL 
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SM8«tiy £ TSP«:tt^/7^^-;i'53&S7t«3nTi,^. * 
7A 2©±a5*J<kCnFSi5[*i5©rtt5tt/J>S < t£iX*s 
50 0. P5^©^t33*in. *?*>SJ»«Bi3tt«AS 
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[00231 11 ©#fli* ? h 1 ^ffiUTAty-jAl: 

mvx&in?z. moLttftm*v h i*kjcs§6<!:i. 
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&fiJB§3©fe#5Mfct,T^feJl l 4j&*J&£;**iS. TJ1 
1 5©fe«^{tUfcl\, M7mT&lc< NaCK Na 
HCO,, NaOH*^&i*©££fcl*T^#>;tt£ 
«5©7Kigig£<* Steffi* «t»)|gEftC^fe§*4, & 
U-C. ^fePlte.'Sl 6*P6>^fe&£.l 7£-C©fi3£, 
* v A 2 tOtttf 6>ftfc mm 0 *> C itC «fc 9 K 

&■ 1 4ois%#»5. fttc&en 1 4©g§{c*f-r 

[00251 C<D£5lCl,XJ<i~i>'5J>.Zfrffi-f&Ct 

tc^tmvimm-effimte.. ^omiK'ctMiu^* 

[00261 03«^J67Egg©^5>9A©##T$|g© 
3i#c0T?*9. B2 4>5BS6<C. «§|&H*JBI,»Ti* 
f4**±l*J«S-CjI*-r &J§-£©{?8r* §.03 ©*§£. 
!R?lilg2 i-c»5irsci«J:D. 2 2 4>©K 
14* 1 1 a *KM*4MJft 1 1 *> 6K£B 6 tcSIAL . 

jbftrtfrcaMcr&BPk 02©jg^ip)D^r^-r 

[00271 04 «J3iJ©2l^^©#tfTiSS©Si8£0-e 
4.0. 02©JKJ£g6K > *>^*ffli,»TBCPI-**iSA 
-f£J££©03-e*&. 04©H£fe. #y?2 3t,c£*) 

2 *©!#&* 1 1 a *§3m*igAB& 1 1 
J&B6K&AO. fftAMtCiUc-r&JgOl-. 12©«^i 
ISJ tSSreflWr S C t 4. 

[00281 

tffi*£L?X:hllB<^T**Jll>fc. C©iftT*tt> 

ux> **w&mm.#z, 5. iow»20n«/ 

L©4@S©f«*4*£liiS¥l/;fc. «c*»^5?«>A*af* 

j£»6<c±iBim*&;toDa^'ca*u /<*s>$a© 
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10 0 2 91 3ttR*?*:/£iMtfli : *U 3-AAOL Le 
watrit monopulus S100 . XfU^i^t-M 

>£ffe8a*ttC>fcfc©. SMSS= 6%, HJfc 
^«JB§® : 2. 5m 1 
*7AtS:rtS4mni, g$ 2 0mm 
ilbkS : 1 0 0 0ml 

:0. 5ml/min (SV=12 L/L 
10 BB/h r ) 

Mtt3fcO>'t*-S?9AiME : 0. 2. 5. 10£/ctt20 

KH*0*AI£W* :200dS/m 
6t»*CDpH : 2. 8~3. 0 
8S«4*©ffiK: 1 8~2 2*C 
iI*&©i&Mt©pH : 2. 3~3. 0 

3WW9BW>fe®SWfcO«se : SU 
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20 [Sell 



81 





(mm) 


0 


O 


2 


1 


5 


2. 5 


1 O 


5 


20 


1 0 



[0 0 3 1 ) * 1 <DttJR#> 9 fC. /**-8><FA 
30 iag^a©3>H3-;l/«^©L/^:*>o/c3!is, x^i? 

9 A*#tf^*T(i/^^-^^ AiSSi^feL/t*^* 
>^Sl«IBI©S3<!:«tk^L-Cl,>/t„ foT, /^S»flp 
AigS<b^feL//c*^*>35!^B§©gS i^rT'ci ^ h 

[@®©®«^lft^} 
40 [HI} **W®WWB««>/<^ y f a©^«t+ v J-Jfe 

[02 3 01 ©#$?*? Fill't^ty^A©^* 

T V> S <fc t ©iEMSr *-5 . 
[0 31 *»W©Hte^ffi©/<^^^A©«-«f«g*^ 

[041 *W^©WBK^'<tWAO»Wttl 

[?9F#©|ftlS] 
1 »«f * 9 h 

SO 2 *7A 
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1 1 sm*^ABS 
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1 3 JbJi 



[gill 




K12003-57225 
10 



* 1 4 




1 5 




1 6 




1 7 




2 1 




22 




2 3 





[02] [03) 




F 2C042 AA01 BC05 CA02 DA08 EA20 

FA20 FB06 CA01 GA05 GA10 
2C054 AA02 A BO 7 BB04 CA10 EA06 
GB04 GB10 



